Abstract: Circadian variations have been found in human performance, including the efficiency to execute many tasks, such as sensory, motor, reaction time, time estimation, memory, verbal, arithmetic calculations, and simulated driving tasks. Performance increases during the day and decreases during the night. Circadian rhythms have been found in three basic neuropsychological processes (attention, working memory, and executive functions), which may explain oscillations in the performance of many tasks. The time course of circadian rhythms in cognitive performance may be modified significantly in patients with brain disorders, due to chronotype, age, alterations of the circadian rhythm, sleep deprivation, type of disorder, and medication. This review analyzes the recent results on circadian rhythms in cognitive performance, as well as the implications of these rhythms for the neuropsychological assessment of patients with brain disorders such as traumatic head injury, stroke, dementia, developmental disorders, and psychiatric disorders.
Introduction
Human beings exhibit oscillations in their physiology known as biological rhythms. These rhythms are classified according to their frequency into circadian (one cycle per day), ultradian (more than one cycle per day), and infradian (less than one cycle per day). Circadian rhythms have been found in almost all human functions, including body temperature; the secretion of practically all hormones; cardiac, pulmonary, and metabolic activity; nervous system activity; and sleep-wake cycle. 1 Circadian variations have also been found in subjective alertness and sleepiness. During the daytime, alertness is high and sleepiness is low, whereas the opposite occurs during the night-time. Circadian variations have also been found in the performance of many different tasks, such as sensory, 2 motor, 3 reaction time, 4 time estimation, 5, 6 memory tasks, 7, 8 verbal tasks, 9 arithmetic calculations, 10 and simulated driving tasks.
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Performance increases during the day and decreases during the night. [12] [13] [14] Performance also depends on a homeostatic process that involves a decay in execution with time awake (sleep deprivation), whereas sleep restores performance. 15 Variations in human performance may be the result of circadian rhythms in cognitive processes that are crucial for the execution of all tasks. Rhythms in cognitive performance have been found for three basic neuropsychological processes (attention, working memory, and executive functions), which can modulate the execution of many tasks.
Circadian variations in cognitive performance suggest that results in tests used for neuropsychological assessment vary at different hours of the day. In this paper, the recent results on circadian rhythms in human cognitive performance are reviewed, as well as the implications of these rhythms in the neuropsychological assessment of healthy subjects and patients with brain disorders.
Methods used to assess circadian rhythms in performance
Three methods have been used to study circadian rhythms in performance: a time of day protocol, a constant routine protocol, and a forced desynchronization protocol. A time of day protocol involves the assessment of performance two or more times during the day while individuals carry out their personal and social activities and without interfering with their sleep-wake cycle. 10 A time of day protocol has produced mixed results, with some tasks showing best performance in the morning, and others in the afternoon or the evening. Contradictory results have been found. Peak performance of the same task occurs at different times of day in various studies. 12 The variability in results with this protocol may be due to the fact that several conditions that modify circadian rhythms are not controlled, such as light, temperature, food intake, and physical activity.
A constant routine protocol consists of keeping stable all the conditions that may influence circadian rhythms, 16 so room temperature, light intensity, and caloric intake are kept constant, the level of motor activity is reduced and maintained constant, and participants are kept awake. Performance is assessed at regular intervals (every 1 or 2 hours) for more than 24 hours. In studies where a constant routine has been used, performance in all the tasks is high during the daytime and low at night-time. 14 In a forced desynchronization protocol, participants are required to adhere to a sleep-wake cycle with a period outside the entraining range of circadian rhythms (28 hours, for example). This condition produces a desynchronization between the sleep-wake cycle and the circadian rhythm in body temperature, because the latter continues to oscillate with a period close to 24 hours. Performance measurements are made at different times of the subjective day, when individuals are awake, so performance is assessed at different phases of the circadian rhythm of body temperature. 17 In studies with a forced desynchronization protocol, performance correlates with the body temperature rhythm. Best performance occurs when the body temperature is high, and worse performance occurs when the body temperature is low. 18 Circadian rhythms in physiology and performance are similar when recorded with a constant routine protocol or a forced desynchronization protocol. 19 These two protocols are considered the best methods to assess circadian rhythms in cognitive performance. 20 Despite the limitations of the time of day protocol, it is useful to show some evidence of rhythms of performance when it is not feasible to control the environment, such as working conditions or clinical settings. Kleitman 21 proposed that oscillations in performance are due to the rhythm in body metabolism assessed through body temperature. Correlations between the rhythm in temperature and rhythms in performance have generally been found. 4 However, there are differences in the phase between the rhythms; performance tends to be phase delayed in respect of the rhythm in body temperature. 4, 9 Also, circadian variations have not been found in the performance of some tasks. 10, 22 According to Borbély, 23 performance depends on the interaction of two mechanisms: a circadian clock and a homeostatic process. The circadian clock produces oscillations in performance with a period close to 24 hours, whereas the homeostatic process produces a gradual decay in performance with time awake. Sleep deprivation worsens performance, whereas sleep improves performance. Other conditions that may change performance during the day are a 90-minute ultradian cycle in alertness, 24 sleepiness occurring immediately after awakening from sleep ("sleep inertia"), 25 and a post-lunch dip in alertness.
Theories of circadian rhythms in cognitive performance
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Circadian rhythms in subjective alertness and sleepiness
Subjective alertness and sleepiness are modulated by time awake and circadian rhythms. Alertness declines and sleepiness rises as time awake increases. On the other hand, both variables correlate with the rhythm in body temperature. Alertness correlates positively with body temperature, and sleepiness correlates negatively. 4, 27 So, alertness increases during the daytime and decreases during the night-time, whereas the opposite occurs for sleepiness. 26 It is very important to keep in mind that subjective alertness and sleepiness are self-reports of people's inner feelings. According to common-sense intuition, people attribute a causal effect to these subjective sensations. They assume that their activities (working or studying) are affected by how alert or sleepy they feel. But it is necessary to examine what physiological or cognitive conditions underlie these self-reports. When people report their subjective state, they may be detecting some physiological conditions, their capacity to process information, or their response capacity. The chain of events in the organism may run in reverse order. First, the internal physiological conditions are modified (body temperature drops); second, the capacity in cognitive processes diminishes; and, third, the person perceives these changes as a reduction in alertness or an increase in sleepiness. In summary, the biologic clock modulates body metabolism and cognitive performance, which changes the execution of many tasks, as well as subjective alertness and sleepiness.
Circadian variations in performance of different tasks
Circadian variations have been found in the performance of many tasks. Visual and auditory thresholds show changes with time of day. People detect changes in luminosity more easily in the evening, compared with the morning. 28 Detection of two separate sounds was also better in the evening. 2 Circadian variations have been documented in the perception of time. Individuals estimate more accurately a 10-second interval during the afternoon and evening (13:00-21:00) compared with at 09:00. 6 Execution in a simple motor task is worst at night (04:00), 3 and handwriting speed is also lower during the night (03:00). 29 Circadian variations in reaction time have been documented in many studies. Best performance occurs in the evening, and worst performance occurs in the night and first hours of the morning. 14, 30 Reaction time correlates with the circadian rhythm of body temperature in such a way that performance increases when temperature is higher, and decreases when temperature is lower. 4 The speed of processing information also shows circadian variations with a similar time course. 31 Time of day differences in memory tasks have been found. Short-term memory decays from 08:00 to 20:00, whereas performance in a long-term memory task is lower at 04:00 than at 20:30 with a time of day protocol. 7 Verbal reasoning exhibits a period of around 24 hours with a forced desynchronization protocol, and performance in this task correlates with the rhythm in body temperature. 32 Arithmetic calculations also show circadian variations. Individuals carry out a greater number of additions per minute at 21:00 in a time of day protocol. 10 Performance on a simulated car-driving task also shows circadian variations. The worst performance occurs at night. 11, 33 Circadian rhythms in basic neuropsychological processes
As mentioned in the previous section, circadian variations have been found in many tasks. These results suggest the possibility that oscillations in metabolism modulate the activity of specific brain areas, which, in turn, affect one or several basic neuropsychological functions such as attention, working memory, or executive functions. 18, 34, 35 These three functions may impact the performance of a great number of tasks. Each one of these neuropsychological processes comprises several components, so it is necessary to analyze circadian variations in each component of these processes.
Attention
Attention is a neuropsychological process that involves the capacity to react to the environment and to select a sensory signal and a specific response, as well as the capacity to maintain responses over time, guiding all behavior, including language and thinking. 36 Attention comprises four components: tonic alertness, phasic alertness, selective attention, and sustained attention. 27, 36, 37 Tonic alertness is the capacity to respond to the environment at any moment, phasic alertness refers to the capacity to respond to a stimulus after a warning signal, selective attention is the capacity to respond to a specific stimulus while not responding to other stimuli, and sustained attention is the capacity to respond efficiently to the environment during prolonged periods (from minutes to hours). Three cerebral systems are involved in attention: the reticular system, the prefrontal system, and the parietal lobe. 38 The reticular system is related to the level of tonic alertness, the prefrontal system selects and sustains the activity related to a goal, and the parietal lobe directs attention to specific space locations. 39 Many researchers have proposed that circadian rhythms modulate the general level of alertness (tonic alertness). 14 Circadian variations have been found in tonic alertness, phasic alertness, and selective attention, which correlate with the rhythm of body temperature. In a constant routine protocol, lower performance occurred at 04:00-07:00. 27 Similar results have been found in other studies. Tonic alertness, measured by reaction time, showed circadian variations that correlated with rhythm of body temperature in a forced desynchronization protocol. 4 Selective attention also showed an association with melatonin circadian rhythm when studied on a constant routine protocol. 40 In another study, circadian variations were found in several indices of sustained attention (general stability and short-term stability). 41 The circadian variations in the components of attention may modulate changes in the performance of many tasks, such as reaction time, motor tasks, perception of time, and reading comprehension.
working memory
Working memory is a neuropsychological process that provides temporary storage and manipulation of the information submit your manuscript | www.dovepress.com
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Circadian rhythms in cognitive performance required for cognitive processing. 42, 43 Baddeley et al 44 proposed a model of working memory that includes three storage components: phonologic, visuospatial, and an episodic buffer. The phonologic component stores verbal information, the visuospatial component stores visual information in a spatial map, and the episodic buffer component is a limited capacity temporary storage that integrates information from different sources into coherent episodes. 45 These components are coordinated by a central executive system. 46 The left hemisphere is involved in phonological storage, whereas the right hemisphere is involved in a visuospatial storage component. 47, 48 On the other hand, the episodic buffer and central executive system are related to the frontal lobes. 45, 49 Ramírez et al 8 used a constant routine protocol to assess the phonologic and visuospatial components of working memory. In this study, variations throughout the day were found in both storages of working memory. A decrease in the capacity to store phonologic and visuospatial information was found between 05:00 and 08:00. Also, these components of working memory correlate with the rhythm of body temperature. However, this is not an exact association, because the cycles of both storage components show a 1-3 hour delay in respect of the circadian rhythm of temperature. Another study found a decrease in the spatial component of working memory close to the acrophase of melatonin in a constant routine protocol. 50 The circadian variations in the phonologic storage may modulate the oscillations found in reading comprehension and verbal learning, whereas the circadian variations in visuospatial storage may explain the oscillations in drawing, construction, and arithmetic tasks. But circadian variations in the episodic buffer component of working memory have not been demonstrated.
Executive functions
Executive functions are the capacity to initiate, program, and control behavior. Therefore, they are critical for decision making, self-control, and problem solving. Executive functions include the following components: initiative, inhibition, flexibility, planning, prevision, self-monitoring, verification, and correction. 51 These functions are integrated in the frontal lobe, as evidenced by the observations that lesions in this brain area cause impairment of one or several of these components. 49, 52 Initiative is the capacity to establish a goal, as well as to direct behavior toward the attainment of the set goal. Cognitive inhibition is the capacity to restrain behavior directed to secondary or irrelevant goals, 53 whereas flexibility refers to the capacity to modify the response strategy according to changing environmental demands. 54 Planning is the capacity to organize and program behavior according to preset goals. Prevision is the capacity to examine the possible consequences of events and actions that are planned. Selfmonitoring is the capacity of the person to observe and adjust their own actions to the requirements of the environment. Verification is the capacity to examine the results of their own actions. Finally, correction is the capacity to carry out actions that modify the results of their own actions, redirecting behavior toward the pre-set goal. 55, 56 There are problems when assessing executive functions in laboratory conditions. Tests designed to measure executive functions require procedures that incorporate decision making, planning, and solving new problems. 57, 58 Novelty in these tests is critical, because repeated practice may induce learning of the solution or of the strategy to solve the problem. To examine circadian rhythms in these functions, it is necessary to apply the test several times during the day. Therefore, the test ceases to be new. Some components of executive functions depend more on novelty, such as planning and prevision. On the other hand, to assess other components such as inhibition, flexibility, or selfmonitoring, it is feasible to use repeated tasks, such as Stroop tasks, go/no-go tasks, shifting criteria, and tracking tasks.
Harrison et al 59 used a forced desynchronization protocol to study changes throughout the day in cognitive inhibition with a go/no-go task. Cognitive inhibition was worse when the body temperature was low. Other studies have found circadian variations in cognitive inhibition by means of a Stroop task in a constant routine protocol. 60 Inhibition was lower at night and in the first hours of the morning (03:00-06:00). Similar circadian variations were also found with a computerized Stroop task, in a constant routine protocol. 61 Circadian variations have been observed in cognitive flexibility, using a constant routine protocol, in two different Stroop tasks with shifting criteria. 60, 61 Flexibility was lower at night and in the first hours of the morning (03:00-06:00). Circadian variations have been also observed in self-monitoring, using a tracking task on a constant routine protocol. 62 The lowest level of self-monitoring occurs at 05:00-09:00. The circadian variations in these components of executive functions (cognitive inhibition, flexibility, and self-monitoring) may modulate changes in the performance of all tasks requiring decision making or problem solving.
In summary, circadian rhythms in three basic neuropsychological processes (attention, working memory, and executive functions) have been demonstrated using constant routine or forced desynchronization protocols (Table 1) . These processes are crucial to execute many tasks, so the performance of neuropsychological tests may be modulated by these rhythms. 
Time course of circadian rhythms in cognitive performance
To understand the clinical implications of circadian rhythms in cognitive performance, an approximate time course of these rhythms is next described for an adult, healthy individual with an intermediate chronotype 63 who sleeps from 23:00 to 07:00 ( Figure 1) . 14, 15, 35 In this individual, the level of cognitive performance is low early in the morning (07:00-10:00), in part due to the fact that circadian rhythms reach their lowest point at dawn and in the first hours of the morning. Also, "sleep inertia" of neuropsychological processes in patients with brain disorders. 70 This assessment helps determine the processes that are affected and those that remain preserved. In children and adolescents with alterations in brain development, the assessment helps determine which processes are immature and which are intact. 71 In this assessment, it is important to measure the maximum level that the patient may reach in each neuropsychological process in order to determine how affected that process is. In the clinical field, this assessment is very important because it helps to determine the functional consequences of the brain disorder besides being the base for the elaboration of a cognitive rehabilitation program. 72 A great number of neuropsychological tests have been developed to assess brain functions through the measurement of the following dimensions of behavior: perception, attention, memory, learning, executive functions, language, and emotions. 73 This assessment is applied in patients with very different brain disorders, such as traumatic head injury, stroke, dementia, developmental disorders, and psychiatric disorders.
Circadian rhythms in basic neuropsychological processes, as well as in the execution of a great number of tasks, affect performance in neuropsychological tests. However, they affect only the subtests that measure cognitive performance and do not have an effect on the subtests that measure overlearned knowledge, such as the vocabulary test, 74 or on tests that measure general dimensions of behavior, such as intelligence and personality, which are deemed stable over time. 71 Nonetheless, in the clinical field, circadian rhythms are neglected when a neuropsychological assessment is made. Also, they are neglected if the patient exhibits alterations in circadian rhythms, which may also affect performance in these tests.
As mentioned previously, the time course of circadian rhythms in cognitive performance is based on recordings of healthy people, because the studies that have documented circadian variations in cognitive execution in patients are scarce. According to this time course, performance in neuropsychological tests would be expected to be low before 10:00, at 14:00-16:00, and after 22:00. Performance would be relatively satisfactory at 10:00-14:00 and 16:00-22:00. In general, these intervals coincide with the office hours when neuropsychological tests are applied. However, the intervals of best and worst execution may vary significantly in patients with brain disorders, due to the following factors: chronotype, age, alterations of the circadian rhythm, sleep deprivation, type of disorder, and the medication the patient is on. occurs at this time of day, contributing to the low levels of cognitive execution. 25 It is interesting to note that the morning shift, the most common work schedule in the world, generally begins at 07:00-09:00. Therefore, many people have to work for several hours when they are at their lowest level of cognitive performance (07:00-10:00). This may be the reason for the high levels of morning consumption of beverages containing central nervous system stimulants, such as coffee or tea. [64] [65] [66] Performance improves toward noon (10:00-14:00), but there is a post-lunch dip at 14:00-16:00. 26 Performance improves again in the afternoon, reaching its highest level in the evening (16:00-22:00). Finally, performance decreases at night (22:00-04:00) and reaches its lowest levels at dawn (04:00-07:00). 15 It is important to keep in mind that this time course has been documented in healthy people, and that it is modulated by chronotype, 67 age, 68 and sleep deprivation.
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Implications for neuropsychological assessment
Neuropsychological assessment consists of the application of a set of tests designed to examine the functional level 
Chronotype
There are individual differences in the sleep-wake cycle. Some individuals wake up early and are more active in the morning (morning type), whereas others wake up late and are more active in the evening (evening type). Horne and Östberg 63 developed a questionnaire that helps determine the chronotype of individuals, based on their preferences for carrying out different activities in the course of the day. According to the results of the questionnaire, individuals can be classified as morning type, evening type, or intermediate type. Morning-type individuals phase advance the sleep-wake cycle and the rhythm in body temperature, whereas evening-type individuals phase delay these rhythms. 75, 76 Cognitive performance varies during the day depending on chronotype. Morning-type individuals show best execution in the morning, with worst execution in the afternoon, whereas evening-type individuals show an inverse pattern. 67 
Age
As people grow old, changes occur in the phase of the circadian rhythm that affects the time course of cognitive performance. Adolescents show a phase delay of their sleep-wake cycle. [77] [78] [79] [80] Therefore, their cognitive performance is lower during the morning, especially in those that are evening-type individuals. 74 Elderly people show an increase in reaction time 81 and a reduction in several cognitive functions, such as attention, 82 memory, 83 and executive functions. 84, 85 In addition, they tend to be morning-type individuals; 86 they show awakenings in the night, greater frequency and duration of naps during the day, and an increase in daytime sleepiness, 87 especially in the afternoon. 88 At this age, an increase in reaction time and a lower performance in neuropsychological tests have been found during the afternoon. 68 Also, elderly people show lower amplitude in circadian rhythms of cognitive performance. 89 
Circadian rhythm sleep disorders
Circadian rhythm sleep disorders refer to a persistent or recurrent pattern in the sleep-wake cycle, with the following characteristics: changes in circadian rhythm, discrepancy between circadian rhythm and external factors that promote the phase or the duration of sleep, difficulties sleeping at night and sleepiness during the daytime, as well as changes in work or social activities. 90, 91 Circadian rhythm sleep disorders that have more effects on the time course of cognitive performance are delayed sleep phase disorder, free-running disorder, and irregular sleep-wake rhythm (Figure 1 ). 92 Delayed sleep phase disorder is a chronic disorder that usually begins in childhood and prevails for periods from 6 months to the person's lifetime. Patients with this syndrome are extreme evening-type individuals who have problems in advancing their sleep-wake cycle. 93, 94 They go to bed at dawn (around 05:00) and wake up at noon or later. During free days (holidays, weekends), their sleep is normal in quantity and quality, but it is delayed in respect of their calendar of social activities. Their sleep time is drastically reduced when they must attend school or work a morning shift. This partial sleep deprivation becomes a chronic problem that brings about sleepiness and tiredness during the day.
Free-running disorder (non-24-hour sleep-wake syndrome) is characterized by a circadian rhythm with a period close to 25 hours, despite the patient living in a natural environment with a 24-hour cycle. 95 This may be interpreted as a failure in the circadian clock to adjust to zeitgebers. 96 Patients with this disorder sleep later each day, getting in and out of phase successively in respect of the day and night, so that for some periods they sleep at night, but after several days they sleep during the daytime. This disorder is frequent in the blind, although sighted people have also been found with this syndrome.
Patients with an irregular sleep-wake rhythm disorder sleep for short periods distributed during the 24 hours of the day. They have four or five bouts of sleep, totaling 8 hours per day. It may be due to damage of the circadian clock. It commonly appears in elderly people, especially when they do not maintain programmed activities in fixed schedules or they are not exposed to sunlight.
93,97
Sleep deprivation
Sleep deprivation affects cognitive performance. Greater levels of sleep deprivation produce more decay in performance throughout the day. 69, 98 Sleep deprivation interacts with circadian rhythms, producing lower cognitive performance in the morning and at night and a post-lunch dip. As a consequence, sleep deprivation may also affect performance in neuropsychological tests; however, this factor is also neglected when a neuropsychological assessment is made. 99 
Brain disorders Traumatic head injury
Approximately 30%-70% of patients with traumatic head injury suffer sleep disorders, especially insomnia [100] [101] [102] and daytime sleepiness. [103] [104] [105] [106] These disorders are found particularly during the first months after the accident, although they may persist chronically. Also, in polysomnographic submit your manuscript | www.dovepress.com
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Circadian rhythms in cognitive performance recordings, greater sleep latency has been found in these patients, as well as lower sleep efficiency. 103 Some of these patients suffer a circadian rhythm sleep disorder. 107, 108 In patients with traumatic head injury, free-running disorders and delayed sleep phase disorders have been documented. [109] [110] [111] On the other hand, these patients show alterations in a great number of neuropsychological processes. [112] [113] [114] Orff et al 115 suggest the possibility that the circadian rhythm sleep disorders are responsible for the low cognitive performance found in patients with mild traumatic head injury. Therefore, it is probable that these patients' performance in neuropsychological tests varies at different hours of the day. It is necessary to carry out specific studies to document circadian variations in the neuropsychological assessment of these patients.
Stroke
Patients with stroke show an increase in sleep duration and daytime sleepiness. 116 These patients also report fatigue and attention and memory problems during the day. 117 In addition, a disruption of the circadian rhythm was found in blood pressure in patients with stroke at their hospitalization time, because their blood pressure did not fall during the night. 118 Performance in neuropsychological tests was consistent with the chronotype of stroke and traumatic brain injury inpatients in a rehabilitation center. Morning-type patients showed best performance in the morning, whereas evening-type patients showed best performance in the afternoon. 119 
Dementia
Patients with Alzheimer dementia show a greater incidence of insomnia and daytime sleepiness, as well as frequent awakenings during the night and lower sleep efficiency. 120 Also, their symptoms worsen in the afternoon and first hours of the evening ("sundowning"). During these hours they tend to show agitation, confusion, and hallucinations. 121, 122 Cognitive performance is progressively affected in patients with dementia, and the speed with which cognition declines has been associated with the presence of sundowning. 123 The possibility that this phenomenon is due to changes in the circadian rhythm has been proposed, 124 as these patients show a phase delay in the circadian rhythm of body temperature and in motor activity. 125 A delayed sleep-wake disorder has also been found in patients with fronto-temporal dementia. 126 
Schizophrenia
Patients with schizophrenia have trouble initiating and maintaining sleep. It has been found that these patients show circadian rhythm sleep disorders, some show a delayed sleep phase disorder, and others show an irregular sleep-wake rhythm disorder. Also, cognitive performance is worse in patients with schizophrenia who show alterations in the sleep-wake cycle. 127 It has been found that patients with schizophrenia show changes with time of day in the performance of neuropsychological tests, with best execution in the afternoon. 128 
Depression
Patients with depression suffer insomnia, have trouble initiating sleep, show frequent awakenings during the night, and wake up very early in the morning. 129 Their emotional state is worst during the morning 130 and improves toward the end of the day. 131 Also, these patients' performance in neuropsychological tests is worst in the morning and best in the afternoon. 132 
Obsessive compulsive disorder
Patients with obsessive compulsive disorder show a reduction in the amplitude of the melatonin circadian rhythm, 133 and some of them show a delayed sleep phase disorder. 134, 135 A deficit in executive functions has been documented in obsessive compulsive disorder patients, [136] [137] [138] [139] but there are no studies documenting time of day changes in cognitive performance.
Attention deficit hyperactivity disorder
It has been found that children with attention deficit hyperactivity disorder (ADHD) sleep less during the night. 140 An increase in sleepiness during the day has been found, especially in the morning, as measured with the multiple sleep latencies test. 141 Also, children with ADHD show low sleep efficiency and low levels of performance in cognitive tasks. 142 Some patients with ADHD show a delayed sleep phase disorder. 143, 144 In another study, a phase delay in the circadian rhythm of cortisol of adults with ADHD was found. 145 Other studies have observed a delay in the circadian rhythm of melatonin, as well as in the sleep-wake cycle, especially in ADHD patients who reported sleep onset insomnia. 146, 147 Performance in neuropsychological tests of children with ADHD is lower in the afternoon, 148 which coincides with the time of the day when they show an increase in level of hyperactivity. medication that affects the central nervous system, such as antiepileptic drugs, stimulants, anxiolytic or hypnotic drugs, antidepressants, or antipsychotic medication. All of these drugs may affect cognitive performance, circadian rhythms, or sleep. For example, haloperidol suppresses circadian rhythms of the sleep-wake cycle and of cognitive performance.
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Conclusion
According to data reviewed in this paper, performance in neuropsychological tests is affected by circadian rhythms in cognitive processes. During the day, healthy people show acceptable levels of cognitive performance from 10:00 to 14:00 and from 16:00 to 22:00, which coincides with the office hours when the neuropsychological assessment is normally scheduled. However, it is important to consider that the time course of cognitive performance in patients with brain disorders may be affected by other factors, such as chronotype, age, circadian rhythm disorders, sleep deprivation, type of disorder, and medication. Patients with brain disorders suffer deficits in many neuropsychological processes, and they may be more sensitive to time of day effects, to sleep deprivation, and to medication effects.
It is necessary to carry out more research on circadian rhythms in cognitive performance of patients with brain disorders, the factors that affect these rhythms, and the consequences of these rhythms on the neuropsychological assessment. In the clinical field, it is important to take into account the circadian rhythms in cognitive performance of each patient when scheduling the neuropsychological assessment sessions.
Recommendations for scheduling the neuropsychological assessment sessions, according to the circadian rhythms in cognitive performance, are as follows: 1. Assess the patient's sleep-wake cycle. Schedule the neuropsychological assessment at least 3 hours after his/her regular wake-up time. 2. Assess the patient's chronotype. Schedule testing sessions in the morning for morning-type patients and in the afternoon for evening-type patients. 
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